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Abstract
BACKGROUND/AIMS: Age-related macular degeneration (AMD) is among the leading causes of
severe visual loss in individuals over 60 years old. Retinal changes associated with AMD were
previously studied by time-domain optical coherence tomography (OCT). Recently, Fourier-domain
OCT (FD-OCT) has been introduced. FD-OCT provides increased scan resolution and scanning speed,
and generates three-dimensional (3D) OCT images. The purpose of this study was to demonstrate
features of AMD assessed with high-density scanning 3D-FD-OCT (Topcon 3D-OCT1000).
METHODS: The study was designed as a prospective, observational case series. Five patients with
typical morphological changes due to AMD were chosen based on funduscopic findings. Eyes with
non-exudative- and exudative AMD were included. 3D-FD-OCT images were obtained, and typical
morphological changes associated with AMD were presented. RESULTS: FD-OCT provided detailed
3D-images of retinal structure. In addition, FD-OCT showed improved retinal coverage and image
quality. FD-OCT B-scan imaging identified typical retinal changes associated with AMD. In addition,
FD-OCT imaging revealed information about the extent and the 3D shape of retinal lesions.
CONCLUSION: 3D-FD-OCT imaging is useful for diagnosing and following patients with AMD. In
addition, 3D-FD-OCT provided information about the extent and 3D shape of retinal pathologies and
showed improved retinal coverage.
 1
Features of Age–Related Macular Degeneration Assessed with 3-
Dimensional-Fourier-Domain OCT 
Marcel N Menke1, Simeon Dabov2, Veit Sturm1 
1) University of Zuerich, Department of Ophthalmology, Zuerich, Switzerland 
2) University of Muenster, School of Medicine, Muenster, Germany 
 
Keywords: Age-related Macular Degeneration, Optical Coherence Tomography, 
Imaging, Retina 
 
Running Title: 3d-OCT findings in AMD 
Abstract Word Count:  194 
Main Text Word Count: 2678 
 
 
 
 
 
License for Publication 
The Corresponding Author has the right to grant on behalf of all authors and 
does grant on behalf of all authors, an exclusive licence (or non exclusive 
for government employees) on a worldwide basis to the BMJ Publishing Group 
Ltd to permit this article (if accepted) to be published in BJO and any other 
BMJPGL products and sublicences such use and exploit all subsidiary rights, as 
set out in our license 
 
 
 
 
 
 
 
 
 
 
 
Corresponding author and address for reprints: 
 
Marcel N Menke MD 
Dept. of Ophthalmology 
University of Zuerich (USZ) 
Frauenklinikstrasse 24 
8091 Zuerich 
 
Tel.:  0041762228845 
Fax:  0041442554354 
E-mail: marcel.menke@gmail.com 
 BJO Online First, published on August 14, 2008 as 10.1136/bjo.2008.141242
Copyright Article author (or their employer) 2008. Produced by BMJ Publishing Group Ltd under licence. 
 group.bmj.com on February 19, 2010 - Published by bjo.bmj.comDownloaded from 
 2
 
Abstract: 
Background/ Aims: 
Age-related macular degeneration (AMD) is amongst the leading causes of 
severe visual loss in individuals over 60 years old. Retinal changes associated 
with AMD were previously studied by time-domain optical coherence tomography 
(OCT). Recently, Fourier-Domain OCT (FD-OCT) has been introduced.  FD-OCT 
provides increased scan resolution, scanning speed and generates 3-
dimensional OCT images. The purpose of this study was to demonstrate features 
of AMD assessed with high-density scanning 3d-FD-OCT (Topcon 3d-OCT1000). 
 
Methods: 
The study was designed as a prospective, observational case series. Five 
patients with typical morphological changes due to AMD were chosen based on 
funduscopic findings. Eyes with non-exudative- and exudative AMD were 
included. 3d-FD-OCT images were obtained and typical morphological changes 
associated with AMD were presented. 
 
Results: 
FD-OCT provided detailed 3d-images of retinal structure. In addition, FD-OCT 
showed improved retinal coverage and image quality. FD-OCT B-scan imaging 
identified typical retinal changes associated with AMD. In addition, FD-OCT 
imaging revealed information about the extent and the 3-dimensional shape of 
retinal lesions.  
 
Conclusion: 
3d-FD-OCT imaging is useful for diagnosing and following patients with AMD. In 
addition, 3d-FD-OCT provided information about the extent and 3-dimensional 
shape of retinal pathologies and showed improved retinal coverage. 
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Introduction: 
Age-related macular degeneration (AMD) is amongst the leading causes of 
irreversible severe visual loss in the Western countries in individuals over 60 
years old.1 Patients with AMD suffer from different retinal morphological changes 
depending on the stage of AMD. In the non-exudative stage the retina shows 
mainly drusen and/or retinal pigment epithelial (RPE) atrophy with consecutive 
thinning of the neurosensory retina. In the exudative stage of AMD retinal 
structure can be disturbed by choroidal neovascularisation (CNV), pigment 
epithelium detachments (PED), sub-retinal hemorrhages, sub-retinal fluid 
accumulation, intra-retinal edema and fibrotic scars.   
Optical coherence tomography (OCT) was introduced 1991 as a non-
invasive, cross sectional imaging technique.2 In 1995 time-domain OCT was 
used first for imaging macular diseases.3, 4 Time-domain OCT uses a scanning 
interferometer and an 820-nm infrared light source which is split into two 
separate beams. One beam is scanning a tissue being analyzed, and the other 
one acts as a reference beam which is reflected by a reference mirror. The 
distance of the reference mirror can be adjusted and therefore the time it takes 
for the reference beam to reach the sensor can be changed. By comparing the 
two light beams, time-domain OCT measures the optical backscattering of light to 
generate a cross sectional image of the tested tissue. 
Recently, improvements in OCT technology have been introduced.5-6 
Fourier-Domain OCT (FD-OCT) provides increased resolution and scanning 
speed by recording the interferometric information using a Fourier-domain 
spectrometric method instead of adjusting the position of a reference mirror. 
Resolution is up to five times higher and imaging speed is 60 times faster than in 
conventional time-domain OCT. 7-8  
Features of AMD were previously studied by time-domain OCT.9-20 
However, conventional time-domain OCT usually provides 6 radial line scans in a 
spoke-wheel-like pattern. Scan lengths of each line scan is 6 mm which 
calculates a scanning area of 28.3 mm2 (πr2). Particularly, in peripheral macular 
regions between line scans excessive interpolation of data is necessary to 
provide retinal thickness maps. In addition, 6 B-scans cannot provide enough 
information to generate a full image of macular structural changes due to AMD. 
Small, localized changes in retinal structure can easily be missed by time-domain 
OCT simply due to the lack of retinal coverage especially in outer macular 
regions.  
FD-OCT can perform a high-density raster-scan (512 A-scans per B-
scanline x 128 axial B-scans in a 6x6mm area). This leads to a scan coverage of 
36 mm2. Within that area scans are evenly distributed in contrast to the radial 
scan patterns in time-domain OCT. These raster-scans provide considerably 
more data and allow calculation of a 3-dimensional map of the macula with less 
need of interpolation within the scanning area. Advanced software development 
allow to generate 3-dimensional animations of the macula which can be turned, 
sliced, and cropped in virtually all directions by the examiner. 
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Research prototypes of FD-OCT have been used previously to 
demonstrate its ability for enhanced visualization of macular pathologies 
including single case reports of patients with AMD.21-23  
The purpose of this study was to demonstrate typical features of AMD 
assessed with high-density scanning 3d-FD-OCT by using one of the first 
commercially available FD-OCT devices (Topcon 3d-OCT1000). 
 
Methods: 
 The study was designed as a prospective, observational case series. Five 
patients with typical morphological changes due to AMD were identified out of 
our retina clinic based on funduscopic findings. Eyes with non-exudative- and 
exudative AMD were included. All patients received best corrected visual acuity 
testing, a comprehensive eye exam including slitlamp biomicroscopy and indirect 
ophthalmoscopy. All examinations besides visual acuity testing were done after 
full pupil dilation. In addition, FD-OCT examination was performed in all subjects 
(Topcon 3d-OCT1000). For this purpose, a high-density 6x6 mm raster-scan was 
performed with a resolution of 512x128 scans. Patients had to fixate on an 
internal fixation target during the scanning process. If fixation was not central, the 
fixation target was moved in order to move the scanning area centrally over what 
was believed to be the fovea. The Topcon 3d-OCT1000 provides compensation 
for refractive errors which was used in all patients if necessary to provide optimal 
scan quality. The FD-OCT software calculates a quality factor (Q-factor) 
comparable to the scan strength number given in Stratus OCT3 for each 
examination. Scans with a Q-factor less than 40 were excluded and 
measurements were repeated until at least 1 scan of good quality was acquired. 
In addition, scans with blinks during the scanning process were excluded and 
repeated. The Topcon 3d-OCT1000 system contains a high-resolution camera 
for color fundus pictures. Pictures were automatically taken after each 
examination. Scans were automatically aligned to compensate for eye movement 
artifacts during the scanning process. Before data analysis, infrared fundus 
images were registered with the corresponding color fundus image. Registration 
allows the examiner to exactly specify locations of interest in fundus images, 3d-
FD-OCT images, and B-scans. 
OCT findings are presented to show 3d-FD-OCT features of non-
exudative AMD with retinal changes such as geographic atrophy and drusen. In 
addition, findings in patients with exudative AMD are demonstrated to show 3d-
FD-OCT features of typical morphological changes such as PED, sub-retinal fluid 
accumulation, CNV, and sub-retinal fibrosis.  
 
Results: 
Non-exudative AMD:  
 Figure 1 shows images of the right eye of an 86-year-old female 
diagnosed with non-exudative AMD. Clinical examination showed multiple 
macular drusen (Fig. 1, top left). CNV was excluded by clinical examination in 
combination with fluorescein angiography (FA). VA was 20/30 OD. The 
corresponding 3d-OCT image shows no signs of retinal edema (Fig. 1, top right). 
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However, slicing the 3d-animation to visualize the pigment epithelium layer 
reveals a rough surface with multiple bumps corresponding to drusen (Fig. 1, 
bottom left). A representative B-scan is shown in Fig.1, bottom right. White lines 
represent the thickness measurement algorithm provided by the Topcon 3d-
OCT1000 software to measure retinal thickness and to distinguish between 
different retinal layers. 
Figure 2 shows images of an 84-year-old female with RPE atrophy in the 
right eye due to AMD. Visual acuity was reduced to 20/50 OD. The top left image 
shows a fundus image with corresponding mean retinal thickness values (μm) 
measured by FD-OCT. Retinal thickness was reduced in the superior and 
temporal quadrant of the macula. The top right image shows the 3d-FD-OCT 
image. The atrophic area appears bluish. This can also be appreciated in the 
color-coded retinal thickness map which nicely shows the extent of atrophic 
areas (Fig. 2, bottom left). The B-scan shows a correct working thickness 
algorithm despite RPE atrophy (Fig. 2, bottom right). Reduced retinal thickness 
leads to increased light penetration into the choroid. This phenomenon has also 
been described previously with time-domain OCT.20 
Exudative AMD: 
Patients with exudative AMD show a broad spectrum of retinal changes. 
Typical findings such as PED, sub-retinal fluid accumulation, CNV, intra-retinal 
edema, and sub-retinal fibrosis were identified by fundus examination, and if 
necessary fluorescein angiography (FA).  
Figure 3 visualizes a giant PED and subretinal fluid accumulation in a 77-
year-old female`s right eye. VA was 20/100 OD. The top left image shows the 
FD-OCT fundus image. The top right image shows a 3d-image together with one 
extracted B-scan. The inferior half of the retinal image was sliced down to the 
RPE to show the 3-dimensional extent of the PED. On the right, one can see 
sub-retinal fluid detaching the neurosensory retina from the RPE. The bottom left 
image shows the retinal thickness map. The retinal thickness algorithm measures 
between the inner limiting membrane and a high-reflective band caused by the 
junction between inner- and outer segments of the photoreceptor layer. The 
photoreceptor layer lies on top of the RPE and therefore the distance between 
ILM and RPE is not altered by PED which leads to the problem that PEDs can 
usually not be seen in the retinal thickness map. In contrast, the area of sub-
retinal fluid accumulation is clearly seen in the color-coded retinal thickness map 
as increased retinal thickness (red to white = 400 to > 500 μm). The bottom right 
image of figure 3 shows the isolated B-scan comparable to a conventional time-
domain OCT image.  
Figure 4 shows images of the right eye of a 67-year-old female with 
subfoveal CNV confirmed by FA (left). The angiography image was imported into 
the Topcon 3d-OCT1000 software to be registered with OCT images. VA was 
20/100 OD. The top right image shows the corresponding 3d-FD-OCT image 
which was sliced down to visualize the RPE layer. By slicing the 3d-image the 
RPE can be isolated and separated from all other retinal layers in order to see 
the whole extent of the lesion. In this case, the neurosensory retina was cropped 
in half to visualize the accompanying mild intra-retinal edema and sub-retinal 
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fluid. The bottom right image shows a B-scan through the CNV. One can see a 
break in the RPE and a high-reflective mass underneath the fovea, most likely 
corresponding to the neovascular membrane. Sub-retinal fluid can be 
distinguished from mild diffuse intra-retinal edema.  
Figure 5 shows a FD-OCT fundus image of the left eye of a 71-year-old 
female with massive sub-retinal fibrosis (left). VA was counting fingers in that 
eye. The corresponding 3d-OCT image shows elevation of the retina. Cropping 
reveals massive sub-retinal fibrosis that appears as a high reflective mass, 
pushing up the neurosensory retina (Top right). Temporal to the scar the retina 
has detached with sub-retinal fluid accumulation, probably as a result of traction 
due to the scar (white line). One B-scan has been extracted to show the 
conventional cross-sectional image at exact the same location (white line) 
(bottom right).   
 
Discussion: 
 The latest commercially available generation of FD-OCT has several 
advantages compared to conventional time-domain OCT. High-speed imaging 
allows to increase the number of acquired B-scans to yield high-definition 3d-
images and greater retinal coverage (36 mm2 scanned with 128 B-scans 
compared to 28.3 mm2 scanned with 6 B-scans in time-domain OCT). The 
Topcon 3d-OCT1000 system can compute detailed 3d-retinal maps comparable 
to other commercially available FD-OCT devices. OCT images can be registered 
with fundus photographs or FA images to allow point-to-point correlation of 
clinical findings. In addition, shortened image acquisition time minimizes motion 
artifacts. Therefore FD-OCT images are less distorted and retinal topography is 
mostly preserved.   
 The presented data show the potential of this new technology for 
diagnosing and following patients with AMD. Typical morphological changes due 
to AMD could be identified with FD-OCT. In particular, 3-dimensional features of 
pathologies were presented which cannot be appreciated with conventional time-
domain OCT due to a lack of retinal scan coverage. The precise estimation of the 
extent (length, width, height, and volume) of retinal changes such as intra- or 
subretinal fluid accumulation or PEDs is dependent on scan density. Such 
features can only be assessed with high-density raster scans (Figure 3). Time-
domain OCT software does not provide a function for 3d image rendering which 
is mandatory for volume measurements of such retinal lesions. However, further 
studies are needed to see if 3d-differentiation and volume measurements of 
retinal lesions have a significant advantage compared to total retinal thickness 
measurements.  
The ability to slice and crop 3d-FD-OCT images allows the examiner to 
isolate certain retinal layers for analysis. Especially in AMD, many changes affect 
the outer retinal layers and particularly the RPE. FD-OCT can provide isolated 
3d-images of the RPE to visualize the presence and extent of Drusen (Fig. 1), 
PEDs (Fig. 3), and CNVs (Fig.4). Due to high-density scanning less interpolation 
is necessary to compute more detailed retinal thickness maps. In patients with 
AMD, FD-OCT thickness maps showed precisely the amount and extent of RPE 
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atrophy (Fig. 2) or retinal edema (Fig. 4). OCT software measures total retinal 
thickness using an algorithm that identifies the inner limiting membrane and a 
high-reflective band caused by the junction between inner- and outer segments 
of the photoreceptor layer. Therefore no quantitative differentiation between intra-
retinal edema and subretinal fluid can be made in the retinal thickness map 
although differences are clearly visible when looking at the actual B-scan images. 
However, manual adjustments of the thickness algorithm are possible to allow 
such differentiation in the retinal thickness map. The above mentioned layer 
segmentation algorithm raises another problem. PEDs can not be appreciated in 
retinal thickness maps because thickness measurements are performed above 
the RPE. This problem is already well known from time-domain OCT and is still 
present in the tested FD-OCT instrument. Therefore it is mandatory to review 
each B-scan for possible PEDs and to rule out retinal thickness map artifacts 
caused by a failing layer segmentation algorithm. 
Registration of FD-OCT images with fundus photography or FA images 
worked well in all cases. However, correct alignment and good image quality is 
essential for a correct registration process. Artifacts and registration problems 
can be minimized by a skilled operator. We could demonstrate good correlation 
between FD-OCT images and imported FA images in the presented case of CNV 
(Fig. 4). The location of the area of leakage in the angiography image 
corresponded well to the location of the hyper-reflective subfoveal mass in OCT 
B-scans, suggesting the penetration of a neovascular membrane through the 
RPE into the neurosensory retina. Details such as disruption of the RPE and sub-
retinal fluid accumulation could be seen. Vision loss in AMD is most often due to 
the development of CNV. Recently, different treatment modalities for exudative 
AMD have been introduced.16,17,24 Conventional time-domain OCT plays an 
important role in following patients with exudative AMD during therapy with 
intravitreal anti-VEGF agents such as Ranibizumab or Bevacizumab. 3-
dimensional information provided by FD-OCT might allows more precise 
comparison of OCT results during therapy as the size of a CNV can more 
precisely be assessed in a 3-dimensional fashion and compared with follow up 
examinations by analyzing 3d-FD-OCT images. Although in clinical setting, a 
CNV is identified, localized and classified based on its appearance in FA, the 
accuracy in determining the location of the lesion is uncertain. Recent reports 
suggest that angiography alone might not be sufficient to exactly determine the 
location.25 Alam et al. raised the question of whether FA is adequate for 
determining the full extent of the CNV complex.22 FA might only show active 
parts of the CNV whereas FD-OCT might be able to visualize the full extent of 
accompanied morphological changes. Further studies are needed to show if 
high-resolution, FD-OCT imaging is as sensitive as FA for follow up of patients 
with exudative AMD. 
In end-stage AMD with fibrovascular scar development, FD-OCT showed 
the extent of fibrotic tissue and revealed additional complications such as a 
neurosensory retinal detachment with fluid accumulation due to retinal traction 
(Fig. 5). In such progressed stages of the disease large areas of the macula can 
be affected. Particularly, morphological changes in the outer regions of the 
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macula (outside the fovea) might be missed by conventional time-domain OCT 
simply due to a lack of retinal scan coverage. In the outer regions of the scanning 
area the distance between the 6 intersecting line scans is rather large and 
therefore small areas of fluid accumulations between line scans would be 
missed. With the limited number of available scans in time-domain OCT it totally 
depends on the examiners chosen scan position, if small localized retinal 
changes can be detected or will be overseen. However, in this study we did not 
directly compare 3d-FD-OCT with conventional time-domain OCT. Further 
studies are needed to assess if differences in scanning patterns between FD-
OCT and time-domain OCT are clinically relevant.  
To fully appreciate the advantages of 3d-FD-OCT imaging one must 
analyze scans as 3d-animations on the computer screen. 3d-animations can be 
turned, sliced, zoomed and cropped in virtually all directions, providing an 
excellent impression of the sampled retinal structure. As a limitation of printed 
media, only screen shots of 3d-animations could be provided for figures.  
 In summary, 3d-FD-OCT imaging is useful diagnosing and following 
patients with AMD. FD-OCT identified all typical morphological changes 
associated with the disease and provided valuable additional information due to 
increased scan coverage. The calculated three-dimensionality of investigated 
structures might even allow, if necessary combined with FA, to discriminate more 
precise between different underlying pathologies. Compared to conventional 
time-domain OCT, FD-OCT improves image quality, scan acquisition speed, 
retinal coverage and introduces image registration for point-to-point correlation 
between OCT, fundus photography, and FA.  
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Figure Legends: 
Figure 1: 
(Top left) Fundus image of a right eye showing multiple drusen (white arrows). 
(To right) Corresponding 3d-Fourier-Domain (FD)-OCT image. No edema is 
visible. Retinal structure appears to be intact. (Bottom left) Slicing the image to 
isolate the retinal pigment epithelium (RPE) reveals multiple “bumps” and a 
rough appearance (arrows). (Bottom right) FD-OCT B-scan showing multiple 
elevations in the RPE corresponding to drusen.  
 
Figure 2: 
(Top left) Fundusimage of a right eye with RPE atrophy due to AMD. The green 
box shows the position of the FD-OCT raster scan. Mean retinal thickness values 
(μm) are given for 6x6 squares within the scanning area. (Top right) 3d-FD-OCT 
image: The atrophic area is circled. The small arrow indicates the fovea. The 
large arrow indicates the scan location of the B-scan shown at bottom right. 
(Bottom left) Color coded 3d-retinal thickness map: Atrophic areas appear blue 
(circled). Units are μm. (Bottom right) FD-OCT B-scan: White lines represent the 
thickness measurement algorithm. In the area of atrophy, increased reflectivity is 
seen underneath the RPE due to increased light penetration into the choroid 
(arrows).    
 
 
 
 
Figure 3: 
(Top left) Fundus image of a right eye with a central PED. (Top right) 
Corresponding 3d-FD-OCT image. The retina has been sliced and cropped to 
show the RPE layer. The extent of the PED (arrows) can be seen. In addition, the 
neurosensory retina is detached and fluid is visible (arrow-heads). (Bottom left) 
The retinal thickness map clearly shows the amount and extent of fluid (arrow-
heads). However, the PED can hardly be seen as an area of slightly reduced 
thickness (arrows). (Bottom right) OCT B-scan showing the PED (arrows) and 
fluid accumulation (arrow-heads). The size of the lesion cannot be assessed by 
looking solely at the B-scan. 
 
Figure 4: 
(Top left) Mid-phase fluorescein angiography image of the right eye with sub-
foveal choroidal neovascularisation (CNV). The arrow indicates scan position and 
direction of the corresponding B-scan shown at bottom right. The crossing white 
bar indicates the A-scan location marked in the retinal thickness map and in the 
OCT B-scan with a white bar. (Top right) 3d-FD-OCT image showing the extent 
of the elevation due to the CNV in the RPE layer (arrow-heads). (Bottom right) 
OCT B-scan showing a break in the RPE layer (arrows). A high reflective mass 
can be seen underneath the fovea (star), corresponding to the area of leakage in 
fluorescein angiography. Subretinal fluid is visible (arrow-heads).   
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Figure 5: 
(Left) Fundus image of a left eye of a patient with a central fibrotic scar. The 
green cross represents a specific A-scan location, indicated in both images on 
the right with a white bar. (Top right) 3d-FD-OCT image showing extensive 
elevation of the retina. Cropping reveals a highly reflective mass corresponding 
to a massive fibrotic scar (arrow-heads). However, a foveal depression seems to 
be preserved (star). On the temporal edge of the scar the retina has detached 
from the RPE (arrow). (Bottom right) OCT-B-scan showing the scar as a high 
reflective mass (arrow-heads), pushing up the neurosensory retina (arrow). A 
foveal contour can be seen (star). The retina shows small cystic changes.  
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